INTRODUCTION
============

Diabetes is a serious and increasing global health burden. The prevalence of diabetes has been increasing recently not only in Western countries but also in non-Western countries including Asia, where the population has been growing.^[@R1]^ To prevent diabetes-related complications, intensive blood glucose control had been recommended based on large-scale studies such as the United Kingdom Prospective Diabetes Study and the Diabetes Control and Complications Trial.^[@R2],[@R3]^ However, a recent large-scale trial showed intensive glucose-lowering therapy increased death rates and hypoglycemia, and did not significantly reduce major cardiovascular events in type 2 diabetes.^[@R4]^ A systematic review suggested that severe hypoglycemic events were associated with a higher risk of subsequent cardiovascular disease.^[@R5]^ Hypoglycemia is also associated with dementia,^[@R6]^ trauma by traffic accident, and falling.^[@R7],[@R8]^ These findings challenge the strict glycemic control strategy in the management of diabetes. Current clinical guidelines state that a less stringent Hemoglobin A1c (HbA~1c~) goal may be appropriate for patients with a history of severe hypoglycemia, advanced vascular complications, extensive comorbid conditions, and older age associated with frailty and dementia.^[@R9],[@R10]^

Diabetes care quality metrics established more than a decade ago have primarily focused on the prevention of hyperglycemia and its complications. However, hypoglycemia has recently been suggested as an important indicator of quality of diabetes care. Its prevention depends on physicians' skill levels, publication of guidelines and large trials, use of medications with a lower risk of hypoglycemia, and patient education.^[@R11]^ There are some nationwide studies of incidence and temporal trends of hypoglycemia in the United States and Europe.^[@R11]--[@R14]^ However, large-scale data from outside Western countries are scarce. Race and ethnicity are associated with characteristics of diabetic patients including body mass index (BMI)^[@R15]--[@R17]^ and susceptibility to hypoglycemia.^[@R12]^ To our knowledge, little is known about the clinical course and health burden of severe hypoglycemia including incidence of concurrent ischemic heart disease and injury because most of the previous studies of hypoglycemia were either epidemiological studies without detailed clinical data in regional or nationwide populations or clinical studies conducted at a single center.

We conducted a nationwide, retrospective study using an administrative and clinical inpatient database to elucidate the incidence, patient demographics, and clinical outcomes of hospitalization for hypoglycemia in acute care hospitals in Japan.

MATERIALS AND METHODS
=====================

Diagnosis Procedure Combination Database
----------------------------------------

The diagnosis procedure combination (DPC) database is an administrative claims and discharge database in Japan.^[@R18],[@R19]^ All of the 82 university academic hospitals in Japan are obliged to participate in the database, whereas participation by community hospitals is optional. Data were collected for all inpatients discharged from the participating hospitals for 6 months between July and December until 2010, and every month since 2011. The number of participating hospitals increased in 2012 to 1098 with 388,000 beds, representing ∼43% of the total bed capacity of acute care hospitals in Japan. The numbers of patient records in the database were 2.82, 2.78, 3.30, 6.96, and 6.85 million in 2008, 2009, 2010, 2011, and 2012, respectively, representing ∼50% of all discharge cases from acute care hospitals in Japan. The present study was based on a secondary analysis of the administrative claims data. The requirement for informed consent was waived because of the anonymous nature of the data. Study approval was obtained from the institutional review board of the University of Tokyo.

Patient Selection and Variables
-------------------------------

The DPC data include a maximum of 12 diagnoses recorded in accordance with the International Classification of Diseases, 10th Revision (ICD-10) codes and text data in the Japanese language. The maximum of 12 diagnoses consist of 4 main diagnoses, 4 comorbidities at admission, and 4 complications after admission. We retrospectively extracted the patients who had a hypoglycemia-related ICD-10 code (Table [1](#T1){ref-type="table"}) in the 4 main diagnoses between fiscal year 2008 and 2012. Because ICD-10 codes of diabetic coma included hypoglycemia and hyperglycemia, and an ICD-10 code of E15 included hypoglycemia in patients with and without diabetes, we confirmed the diagnosis by Japanese text, and if necessary we reviewed the 4 diagnoses of comorbidities at admission. We excluded patients \<15 years old and those without any ICD-10 code of diabetes (E10--E14) in the 12 diagnoses. Therefore, only diabetic patients ages ≥15 years admitted because of hypoglycemia were eligible for this study.

###### 

ICD-10 Codes of Underlying Diseases
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We extracted the following data: age at admission, sex, height and weight (available since 2010), status at discharge, use of ambulance, unique hospital identifiers, type of hospital (academic or community), number of hospital beds, underlying disease (Table [1](#T1){ref-type="table"}), procedures and surgeries recorded with the Japanese original codes, drugs prescribed during hospitalization, medical cost, and dates of admission and discharge. BMI was computed using the following standard equation: BMI = weight in kg/height squared in meters. BMI was categorized into 5 groups: underweight (BMI \< 18.50 kg/m^2^), low-normal weight (18.50--22.99 kg/m^2^), high-normal weight (23.00--24.99 kg/m^2^), overweight (25.00--29.99 kg/m^2^), and obese (≥30.00 kg/m^2^).^[@R20]^ Consciousness level at admission and discharge were recorded using the Japan Coma Scale (JCS). We categorized JCS into 4 categories: grade 0 (alert); grade 1 (drowsy, but awake without any stimuli); grade 2 (somnolence, but arousable with stimulation); and grade 3 (coma).^[@R21]^ We evaluated the burden of comorbidities using the Charlson Comorbidity Index (CCI) based on the protocol of Quan.^[@R22],[@R23]^

Estimated Prevalence of Hospitalization for Hypoglycemia
--------------------------------------------------------

The number of hypoglycemia hospitalizations in each fiscal year (Yi) was estimated with the following equation: 

Ni is the number of beds in all acute care hospitals in Japan,^[@R24]^ ni is the number of beds in the DPC hospitals, Mi is the length of months for DPC data submission, and Xi is the observed number of hypoglycemia cases in the DPC hospitals. Hospitals were stratified by bed volume categories for the adjustment because the DPC hospitals were skewed toward larger hospitals.

The 95% confidence intervals (CIs) were calculated by Wald CIs for the population proportion: 

The national estimate of the population with diabetes and the population with diabetes receiving antidiabetic treatment were derived from the National Health and Nutrition Survey Japan (NHNS-J)^[@R25]^ and the Japan Population Estimates.^[@R26]^ NHNS-J is an annual cross-sectional survey of a nationally representative sample of noninstitutionalized Japanese people who are residents of 300 survey districts selected using a 2-stage stratified random sampling design.^[@R27]^ NHNS-J investigated the population with diabetes every 5 years. In NHNS-J, "individuals strongly suspected of having diabetes" were defined as those having HbA~1c~ of ≥6.5% (48 mmol/mol), or as those who responded to the questionnaire by saying that they were currently receiving diabetes treatment. "Subjects who are on medications" were defined as those who responded to the questionnaire by saying that they had used "insulin injection or any blood glucose-lowering drugs."

Statistical Analysis
--------------------

Multivariate logistic regression analyses were performed to analyze the concurrent effects of various factors on in-hospital mortality and to determine the odds ratios and 95% CIs. We used age, sex, and variables that were clinically relevant and significantly associated with mortality in univariate analyses. All the logistic regression analyses were fitted with generalized estimating equations to take into account the dependence of the observations on the clustering effect by hospital.^[@R28]^ Values of *P* \< 0.05 were considered significant. All statistical analyses were performed using IBM SPSS Statistics Version 20 (IBM SPSS, Armonk, NY).

RESULTS
=======

Patient Demographic Data
------------------------

From 22.7 million discharge records from the 45 months between July 2008 and March 2013, we found 81,433 patients who had any ICD-10 code of possible hypoglycemia in any of 12 diagnoses. Among them, 25,071 patients were eligible for our study criteria. The demographic data are shown in Table [2](#T2){ref-type="table"} . The mean age was 73.4 years (SD 13.1). The mean CCI was 2.5 (SD 1.7). The mean height, body weight, and BMI were 156.5 cm (SD 9.7), 54.9 kg (SD 12.3), and 22.3 kg/m^2^ (SD 4.3), respectively. Dumping syndrome and eating disorder were seen in 89 (0.4%) and 50 cases (0.2%). Insulinoma, hypopituitarism, adrenocortical insufficiency, and hypothyroidism were seen in 38 (0.2%), 97 (0.4%), 140 (0.6%), and 456 cases (1.8%), respectively.

###### 

Patient Characteristics
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Prevalence of Hospitalization for Hypoglycemia
----------------------------------------------

The estimated annual numbers of hospitalization for hypoglycemia in Japan were ∼20,000 (Table [3](#T3){ref-type="table"}). In 2012, the proportion of hypoglycemia admissions per 1000 diabetic patients was 2.1, and the proportion of hypoglycemia admissions per 1000 diabetic patients receiving insulin and/or oral hypoglycemic agents was 4.1 (Table [4](#T4){ref-type="table"}). Patients \<40 years and \>70 years old were at a higher risk of hospitalization.

###### 

Estimated Annual Admission for Hypoglycemia In Japan
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###### 

Annual Admissions for Hypoglycemia
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Clinical Outcomes and Risk Factors for In-Hospital Mortality
------------------------------------------------------------

Median length of stay was 7 days (interquartile range 13 days). Median medical cost was 259,000 Japanese Yen (JPY) (1USD = 80 to 100 JPY during the study period; interquartile range 390,000 JPY). In terms of functional status at discharge, 1.5% had enteral feeding, 0.4% had parenteral nutrition through central venous catheter, and JCS was grade 0 for 79.8%, grade 1 for 7.9%, grade 2 for 0.8%, grade 3 for 0.5%, and missing for 11.0%.

The in-hospital mortality was 3.8%, the rate of patients discharged to home was 85.3%, and the rate of patients discharged to places other than home was 10.9%.

The results of the multivariate logistic regression analyses for in-hospital mortality are shown in Table [5](#T5){ref-type="table"}. Factors associated with higher in-hospital mortality were male sex, older age, lower bed capacity hospital, nonacademic hospital, diabetes other than type 2 diabetes, underweight according to BMI, disturbance of consciousness at admission, and higher CCI.

###### 

Logistic Regression Analysis for In-Hospital Mortality
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DISCUSSION
==========

This nationwide retrospective study including 25,071 hospitalizations for hypoglycemia during 45 months investigated both epidemiological and clinical data in Japanese acute care hospitals. Mean age of the patients was 73.4 years, and ∼90% were \>60 years. Mean BMI was 22.3 kg/m^2^, with 17% of patients considered underweight and 61% normal weight according to BMI. Each year, 16,000 to 22,000 diabetic patients were hospitalized for hypoglycemia, and patients \<40 years and \>70 years were at highest risk of hospitalization. In-hospital mortality was 3.8%, and risk factors associated with poor survival were male sex, older age, lower bed capacity, community hospital, underweight according to BMI, coma at admission, and higher CCI.

In our data, annual admission for hypoglycemia in 2012 was 2.1 per 1000 diabetic patients and 4.1 per 1000 diabetic patients receiving antidiabetic treatment. In an Italian nationwide study, the hospital admission rate for hypoglycemic coma was 0.81/1000 diabetic patients in 2001 and 0.39 in 2010.^[@R14]^ In the United States, an annual national estimate of emergency department visits per 1000 persons with diabetes receiving insulin treatment was 17.8, with one third of these requiring admission.^[@R13]^ A Canadian regional study reported that the annual rate of hospitalized hypoglycemia per 1000 people \>65 years was 1.5; half of this population had diabetes and most hypoglycemia patients had diabetes.^[@R29]^ Although it is difficult to compare the incidences of hypoglycemia admission directly among different databases, health care systems, and thresholds of hospitalization, our data is the first nationwide survey in an Asian country and the largest cohort of Asian ethnicity. In the United States, a decline in hospital admissions for hypoglycemia coincided with the publication of the disappointing results of large trials about tight glycemic control.^[@R11]^ NHNS-J reported that the estimated population of "individuals strongly suspected of having diabetes" in Japan was 7.4, 8.9, and 9.5 million in 2002, 2007, and 2012, respectively. In spite of the increasing number of the diabetic patients, our data showed the decline in estimated annual admissions for hypoglycemia after 2010. This can be partly explained by the availability of antidiabetic drugs with a lower risk of hypoglycemia in Japan. At the end of 2009, dipeptidyl peptidase-4 inhibitors were approved, and metformin had been reappraised and the maximum dose increased from 750 to 2250 mg/d in 2010. Glucagon-like peptide-1 analogues were approved in 2010, and the availability of options of long-acting basal insulin and rapid-acting insulin has been increasing since 2008.

Hospital admission because of hypoglycemia in Japan may be partly attributed to inadequate home-care and prehospital care in addition to an aging population. Glucagon should be prescribed for all individuals at significant risk of severe hypoglycemia, and caregivers or family members of these individuals should be instructed on its administration.^[@R9]^ However, Japanese diabetic patients underutilize glucagon^[@R30]^ because neither physicians nor patients recognize the importance of glucagon injection and a user-friendly glucagon injection kit is not available. Most severe hypoglycemia requiring emergency ambulance services can be treated at the scene and do not need hospital care.^[@R31]^ In April 2014, the Japanese government approved emergency medical technicians with specific certification to provide blood glucose monitoring and glucose administration under a physician\'s supervision. This prehospital care may help diagnose and treat hypoglycemia promptly and reduce the subsequent hospitalization.

Single-center studies showed that in-hospital mortality among hypoglycemic hospitalizations was 1.4% to 7.1%.^[@R32]--[@R35]^ An Italian nationwide study based on administrative and clinical data reported that in-hospital mortality for hypoglycemic coma was 2.1%.^[@R14]^ Our data are comparable with these studies and have added several risk factors associated with mortality based on large-scale data. To our knowledge, data on the impact of BMI on the frequency and mortality of hypoglycemia are lacking. The BMI of Japanese diabetic patients reported in previous studies was considerably lower than in Western diabetic patients^[@R16],[@R17]^ and was close to that of our study patients. We were not able to investigate the relationship between BMI and susceptibility to hypoglycemia. However, underweight according to BMI was significantly related to in-hospital death. Because advanced age, malnutrition, and poor general condition could be associated with underweight, we adjusted some of these confounders such as age and CCI. Two Japanese studies showed that diabetic patients with BMI \< 18.5 kg/m^2^ had significantly higher mortality compared with normal and overweight diabetic patients.^[@R16],[@R36]^ A cohort study of type 2 diabetes in Taiwan showed that underweight according to BMI was significantly predictive of any cause of death.^[@R37]^ Although previous studies in North America and Europe did not include patients with BMI \< 18.5 kg/m^2^, they reported a U-shaped association of BMI with mortality^[@R38]^ and higher mortality in normal weight at the time of incident diabetes compared with overweight or obese.^[@R39]^ Our results suggest that hypoglycemia provides an important clue about the underlying mechanism of the association between mortality and BMI in diabetic patients.

Severe hypoglycemia is associated with a higher risk of cardiovascular diseases. Plausible mechanisms include sympathoadrenal activation, abnormal cardiac repolarization, and vasoconstriction.^[@R5],[@R40]^ The data of the incidence of cardiovascular disease just after hypoglycemia or during hospitalization for hypoglycemia have been scarce. In our data, 0.4% of patients had diagnostic coronary angiography, 0.2% had percutaneous coronary intervention, and 0.1% had pacemaker placement during hospitalization for hypoglycemia. A single-center study in a Japanese tertiary care hospital showed that among 414 diabetic patients with severe hypoglycemia, 35% had severe hypertension, 58% had QT prolongation, 3% had newly diagnosed atrial fibrillation, 1 case had myocardial infarction requiring percutaneous coronary intervention, and 1% had stroke.^[@R35]^ Our study was comparable with these figures and provided additional data based on a large cohort. In an Italian academic hospital, 18% of type 2 diabetic patients hospitalized for severe hypoglycemia had acute coronary syndrome during hospitalization.^[@R33]^ The difference can be explained by the more frequent preexisting coronary heart disease in the Italian study and the lower incidence of ischemic heart disease in the Japanese population compared with the Western population.^[@R15]^

Hypoglycemia was also associated with a significantly higher risk of accidental falls, motor vehicle accidents,^[@R7]^ and fall-related fractures.^[@R8]^ According to the study of the National Electronic Injury Surveillance System--Cooperative Adverse Drug Event Surveillance in the United States, 5.1% of patients who visited the emergency department for insulin-related hypoglycemia and errors had suffered a fall or injury.^[@R13]^ A UK regional study showed that 2.5% of the severe hypoglycemic patients requiring emergency ambulance services had had a fall. Among 102 diabetic patients hospitalized for hypoglycemic coma in Israel, 4 had head trauma and 3 had skeletal injury.^[@R32]^ Among 414 Japanese diabetic patients with severe hypoglycemia transported to the hospital by ambulance, 5.8% had trauma, 0.5% had subarachnoid hemorrhage, and 0.5% had fracture.^[@R35]^ Although our data did not have information relating to falls and traffic accidents, this nationwide study did confirm the previous incidence data of major trauma as a serious consequence of hypoglycemia.

This study has several limitations. First, the DPC database lacked some clinical information. For instance, we had no data on laboratory tests including plasma glucose, HbA~1c~, and serum creatinine. Because we extracted the patients based on 4 main diagnoses, we may have missed hypoglycemic patients with severe comorbidities such as severe sepsis, acute coronary syndrome, renal failure, and multiple injuries even if such patients had hypoglycemia at admission. As a result, this study may have underestimated the number of annual admissions for hypoglycemia. Second, we could not assess the hypoglycemic risk of oral hypoglycemic agents and insulin because outpatient prescription data before admission were not available in the DPC database, and NHNS-J data did not specify the type of antidiabetic agents. Third, the participating hospitals in the DPC database are limited to acute care hospitals and are skewed toward large bed-volume hospitals. To adjust for this, we stratified hospitals by bed-volume categories. Although community hospitals are not obliged to participate in the DPC database, the database has ∼50% of all discharge records from acute care hospitals in Japan, and patients hospitalized in the community hospitals accounted for 88.9% of eligible patients. Fourth, the DPC database only has discharge records and does not link with other databases such as vital statistics. Therefore, we could not investigate death after discharge, and our findings are limited to short-term and in-hospital mortality. Despite these limitations, our large-scale study has elucidated the current status of hypoglycemia hospitalization in this Asian population, confirmed the results from smaller studies, and provided fundamental data to establish better clinical practice, appropriate glycemic goals, and health care policy.

In conclusion, this study showed that young and old diabetic patients had a higher risk of hospitalization for hypoglycemia compared with middle-aged patients, and burden of comorbidities, older age, and underweight according to BMI were associated with increased risk of in-hospital death. The clinical impact of complications and sequelae of hypoglycemia such as cardiovascular disease, trauma, and encephalopathy were not negligible. To prevent the severe hypoglycemia that offsets the advantages of strict glycemic control, individualized glycemic goals and careful management are important, especially in old or young patients, those with comorbid conditions, and those who are underweight according to BMI.

Abbreviations: BMI = body mass index, CCI = Charlson Comorbidity Index, DPC = diagnosis procedure combination, ICD-10 = International Classification of Diseases, 10th Revision, JCS = Japan Coma Scale, NHNS-J = National Health and Nutrition Survey Japan.
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